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SEMI-ANNUAL STATUS REPORT 

NASA Gran t  NGL 05-002-007 

C a l i f o r n i a  I n s t i t u t e  of  Technology 

1 A p r i l  - 30 September 1969 

The p r e s e n t  r e p o r t  covers  t h e  f i r s t  h a l f  of  t h e  seven th  year  of  

o p e r a t i o n  under NASA G r a n t  05-002-007. C e r t a i n  p a r t s  of  t h e  r e s e a r c h  

p r e v i o u s l y  suppor ted  by t h i s  Grant ,  namely t h e s e  p a r t s  d e a l i n g  w i t h  p lane-  

t a r y  p h y s i c s  and ins t rument  development, a r e  now suppor ted  by s e p a r a t e  

NASA G r a n t s  o r  c o n t r a c t s ,  and h e n c e f o r t h  t h e  a c t i v i t i e s  i n  cosmic r a y s  

and i n t e r p l a n e t a r y  f i e l d s  w i l l  a l s o  be  s e p a r a t e l y  suppor ted .  

The r e p o r t  i s  d i v i d e d  i n t o  a  number of  s e c t i o n s  which d e s c r i b e  t h e  

v a r i o u s  a c t i v i t i e s ,  fo l lowed by a  summary o f  s t a f f ,  e x p e n d i t u r e s ,  and 

b i b l i o g r a p h y .  

For  t h e  b e n e f i t  of t h e  r e a d e r  who may n o t  be  i n t e r e s t e d  i n  t e c h n i c a l  

d e t a i l ,  t h e  r e p o r t  opens w i t h  a  b r i e f  summary o f  t h e  v a r i o u s  a c t i v i t i e s .  

SUMMARY 

I .  Cosmic Rays (Vogt, Stone,  Beuermann, and Fanselow) 

T h i s  g r o u p ' s  r e s e a r c h  program i s  d i r e c t e d  toward t h e  i n v e s t i g a t i o n  o f  

t h e  a s t r o p h y s i c a l  a s p e c t s  of  cosmic r a d i a t i o n  and t h e  r a d i a t i o n  environment 

of  t h e  e a r t h  by means o f  p a r t i c l e - d e t e c t o r  sys tems flown on s p a c e c r a f t  and 

b a l l o o n s .  The main e f f o r t s  of t h e  group have been d i r e c t e d  toward t h e  

f o l l o w i n g  t h r e e  c a t e g o r i e s  of exper iments .  

A .  

1. A s a t e l l i t e  exper iment  launched on OGO-2 on 14  October 1965, and 

on OGO-4 on 28 J u l y  1967. 

T h i s  exper iment ,  which i s  b e i n g  c a r r i e d  o u t  j o i n t l y  by E .  C .  S tone  

a t  C a l t e c h ,  J .  A.  Simpson a t  t h e  U n i v e r s i t y  of Chicago, and C .  Y e  

Fan a t  t h e  U n i v e r s i t y  of  Arizona,  i s  measur ing t h e  t ime-dependent 

e n e r g y  s p e c t r a  o f  p r o t o n s  (1-2 t o  40 M e V )  and a lpha p a r t i c l e s  

( 4  t o  160 MeV), The o b s e r v a t i o n  o f  a new phenomenon was r e p o r t e d  



i n  t h e  J o u r n a l  o f  Geophysical  Research 74, 5127, 1969. The a r t i c l e  

d e s c r i b e s  t h e  de layed  a c c e s s  of s o l a r  f l a r e  protoils  i i i to  t h e  
0 

c e n t e r  of  t h e  n o r t h  p o l a r  r e g i o n  (A ,\ SO ) a t  a t ime when t h e  

p r o t o n  f l u x  a t  lower n o r t h e r n  l a t i t u d e s  and i n  t h e  s o u t h  p o l a r  

r e g i o n  was a s  much a s  a  f a c t o r  of  t e n  l a r g e r .  Other  c o l l a b o r a t i v e  

work w i t h  M. J. George and H. V .  Neher i s  con ta l lwd  i n  George ' s  

d o c t o r a l  d i s s e r t a t i o n ,  which i s  e n t i t l e d  "New Measurements on t h e  

Absolute  Cosmic Ray I o n i z a t i o n  from Sea Leve l  t o  1540 k i l o m e t e r s  

A l t i t u d e . "  

2. A  s a t e l l i t e  exper iment  launched on OGO-6 on 5 June  1969. 

Th i s  exper iment  i s  measuring t h e  d i f f e r e n t i a l  ene rgy  s p e c t r a  o f  

p r o t o n s  and a l p h a  p a r t i c l e s  between 700 keV and 1 G e ~ / n u c l e o n  and 

of  e l e c t r o n s  between 1 MeV and 1 GeV. The d i f f e r e n t i a l  measurements 

can be  ex tended  t o  15  GV by  u s i n g  t h e  geomagnetic f i e l d .  T h i s  broad 

energy  range  w i l l  p e r m i t  d e t a i l e d  s t u d i e s  of  t h e  s o l a r  modula t ion o f  

g a l a c t i c  cosmic r a y s ,  t h e  a c c e l e r a t i o n  and i n t e r p l a n e t a r y  p r o p a g a t i o n  

of  s o l a r  cosmic r a y s ,  and t h e  p e n e t r a t i o n  of charged p a r t i c l e s  i n t o  

t h e  magnetosphere.  Although f i n a l  d a t a  t a p e s  a r e  no t  y e t  a v a i l a b l e ,  

p r e l i m i n a r y  qu ick- look  d a t a  i n d i c a t e  t h a t  a l l  e l ements  o f  t h e  14- 

d e t e c t o r  exper iment  a r e  f u n c t i o n i n g  p r o p e r l y .  

3.  A s a t e l l i t e  exper iment  t o  be flown on IMP-H and -J i n  1971 and 1972. 

T h i s  exper iment  is  des igned  t o  measure t h e  d i f f e r e n t i a l  ene rgy  

spect rum of  e l e c t r o n s  (0 .18 t o  2.8 MeV) and t h e  d i f f e r e n t i a l  ene rgy  

s p e c t r a  of  t h e  n u c l e a r  i s o t o p e s  of  hydrogen, helium, l i t h i u m ,  and 

b e r y l l i u m  (0.5 t o  -- 50 M e ~ / n u c l e o n ) .  T h i s  exper iment  w i l l  a l l o w  

s t u d i e s  of  s o l a r  and g a l a c t i c  cosmic r a y s  and of  magnetospher ic  

a c c e l e r a t i o n  of  charged p a r t i c l e s  and t h e  i n t e r r e l a t i o n  o f  t h o s e  

p a r t i c l e s  t o  t h e  p a r t i c l e s  t r a p p e d  i n  and p r e c i p i t a t e d  from t h e  

magnetosphere.  I n  s u p p o r t  o f  t h i s  exper iment ,  a 1 6 - s t a t i o n  moni tor-  

i n g  sys tem h a s  been des igned and b u i l t  f o r  use  w i t h  t h e  g r o u p ' s  

thermal  vacuum system d u r i n g  t h e  environmental  t e s t s  of  t h e  s u r f a c e  

b a r r i e r  s o l i d  s t a t e  d e t e c t o r s .  

The d e t a i l e d  e n g i n e e r i n g  d e s i g n  o f  t h e  p r o t o t y p e  has  been completed 

by t h e  s u b c o n t r a c t o r  who w i l l  a l s o  f a b r i c a t e  t h e  experiment u n i t s ,  



4 .  A n e g a t r o n - p o s i t r o n  experiment proposed f o r  Apollo Phase 11. 

A p roposa l  has  been submit ted t o  NASA i n  c o l l a b o r a t i o n  w i t h  D .  A .  

Kniffen,  T. L .  C l i n e ,  C .  E .  F i c h t e l ,  and R. C .  Hartman of GSFC, 

and P .  Meyer of t h e  U n i v e r s i t y  of Chicago. The proposed exper iment  

is  des igned  t o  measure t h e  i n t e n s i t i e s  and energy s p e c t r a  o f  

pr imary cosmic r a y  p o s i t r o n s  and nega t rons  ( 7  t o  300 MeV) i n  

i n t e r p l a n e t a r y  space .  The absence o f  a tmospher ic  secondary con ta -  

mina t ion  w i l l  pe rmi t  a  much c l e a n e r  measurement of p r i m a r i e s  t h a n  

i s  p o s s i b l e  w i t h  a  bal loon-borne exper iment .  

C a l t e c h ' s  c o n t r i b u t i o n  t o  t h e  proposed experiment w i l l  i n c l u d e  

r e s p o n s i b i l i t y  f o r  t h e  des ign ,  f a b r i c a t i o n  and t e s t i n g  of t h e  

f a s t  e l e c t r o n i c s  co inc idence  l o g i c  and t h e  h igh  v o l t a g e  power 

s u p p l i e s .  A major p a r t  o f  t h i s  e f f o r t  w i l l  be s u b c o n t r a c t e d .  

B .  

Most o f  t h e s e  exper iments  a r e  e i t h e r  p r o t o t y p e s  of exper iments  on 

e x i s t i n g  o r  p lanned NASA s p a c e c r a f t  o r  t h e y  complement such o b s e r v a t i o n s .  

1. A ba l loon-borne  p r o t o n - a l p h a - e l e c t r o n  (pcle) experiment which i s  

e s s e n t i a l l y  i d e n t i c a l  t o  t h e  above 060-6 exper iment .  The long 

range  s t u d i e s  w i t h  t h e  pae d e t e c t o r  sys tem have been cont inued.  

A s e r i e s  o f  b a l l o o n  f l i g h t s  were made d u r i n g  t h e  1969 Skyhook 

program a t  F t .  C h u r c h i l l .  These f l i g h t s  were of p a r t i c u l a r  im-  

p o r t a n c e  s i n c e  t h e y  occur red  s imul taneous ly  w i t h  p o l a r  p a s s e s  o f  

t h e  e q u i v a l e n t  d e t e c t o r  system aboard OGO-6, thus  a l l o w i n g  a  

d i r e c t  d e r i v a t i o n  of t h e  a tmospher ic  secondary spectrum of nucleons  

from a n  in te rcompar i son  o f  s a t e l l i t e  and b a l l o o n  d a t a ,  and s t u d i e s  

of p a r t i c l e  p ropaga t ion  i n  t h e  magnetosphere.  

2. A ba l loon-borne  experiment w i t h  a  h igh-energy e l e c t r o n  s p e c t r o -  

meter  (- 1 0  MeV t o  s e v e r a l  GeV) u t i l i z i n g  c o u n t e r s  and d i g i t i z e d  

s p a r k  chambers. 

The major p a r t  of t h e  r e s u l t s  from t h e  1967 o b s e r v a t i o n s  w i t h  t h i s  

ins t rument  have been pub l i shed  i n  two papers :  "Cosmic-Ray E l e c t r o n s  

between 12 MeV and 1 GeV i n  1967" ( J .  Geophys. Res. 2, 4701, 1969),  

and v ' C h a r a c t e r i s t i c s  o f  t h e  D i u r n a l l y  Varying E l e c t r o n  F lux  n e a r  

t h e  P o l a r  Cap ( J .  Geophys, Res . 3, 4714, 1969) .  

The s t u d i e s  i n i t i a t e d  by t h i s  experinlent a r e  now be ing  cont inued 

wi th  t h e  nega t ron-pos i t ron  spec t romete r  ( s e e  below).  



3. A bal loon-borne magnet ic  spec t romete r  Lor t h e  i n v e s t i g a t i o n  of 

t h e  energy  s p e c t r a  o f  nega t rons  and p o s i t r o n s  i n  t h e  10-200 

M ~ V / C  momentum range .  (See s t a t u s  r e p o r t  of 1 A p r i l  1968 - 30 

September 1968 f o r  a  d e s c r i p t i o n  of t h e  i n s t r u m e n t ) .  Th i s  

ins t rument  was flown f o r  t h e  second season  on four  f l i g h t s  d u r i n g  

t h e  1969 Skyhook program a t  F t .  C h u r c h i l l .  

A number o f  major  d e s i g n  improvements o f  t h i s  ins t rument  a r e  near 

complet ion.  They i n c l u d e  t h e  i n c o r p o r a t i o n  o f  a l a r g e r  bending 
V 

magnet and a  gas  Cerenkov-counter.  

Data a n a l y s i s  o f  t h e  1968 f l i g h t s  has  been con t inued .  A paper 

on secondary e l e c t r o n  p roduc t ion  i n  t h e  atmosphere i s  nea r  

com?let ion.  F u r t h e r  improved r e s u l t s  on nega t rons  and p o s i t r o n s  

i n  t h e  p r imary  cosmic r a d i a t i o n  were p r e s e n t e d  a t  t h e  X I  I n t e r -  

n a t i o n a l  Conference on  Cosmic Rays, Budapest  ("Cosmic-Ray Negatron 

and P o s i t r o n  S p e c t r a  observed near  F o r t  C h u r c h i l l  i n  1968") and 

w i l l  be p u b l i s h e d  i n  t h e  Conference p roceed ings .  Ex tens ive  

c a l i b r a t i o n s  of t h e  ins t rument  f o r  y - r a y  induced i n t e r a c t i o n s  

were performed a t  t h e  C a l t e c h  synchro t ron .  

C. 

The OGO-6 and pae d e t e c t o r  systems ( see  above) use range  v e r s u s  energy- 

l o s s  t echn ique  f o r  t h e  measurement of p r o t o n  and he l ium energy  s p e c t r a .  

Data so  d e r i v e d  must be c o r r e c t e d  f o r  t h e  i n t e r a c t i o n s  of t h e  n u c l e i  w i t h i n  

t h e  absorber  s t a c k  used f o r  range  de te rmina t ion .  Ba l loon  and s a t e l l i t e  

i n s t r u m e n t s  a r e  n o t  w e l l  s u i t e d  f o r  d i r e c t  a c c e l e r a t o r  c a l i b r a t i o n s .  An 

e q u i v a l e n t  d e t e c t o r  sys tem and e l e c t r o n i c  l o g i c  t h e r e f o r e  has  been des igned  

s p e c i f i c a l l y  f o r  exposure  t o  a c c e l e r a t o r  beams. The c o n s t r u c t i o n  of t h i s  

sys tem i s  e s s e n t i a l l y  complete  and i t s  f i r s t  machine c a l i b r a t i o n s  a r e  

p r e s e n t l y  reschedu led  t o  b e g i n  i n  January  1970. 

(Neher ) 

Work f o r  t h i s  s i x  month p e r i o d  on Physics  48 has  c e n t e r e d  around 

f u r t h e r  a n a l y s i s  o f  t h e  d a t a  from two p o l a r  o r b i t i n g  s a t e l l i t e s .  Some o f  

t h e s e  r e s u l t s  a r e  i n c o r p o r a t e d  i n t o  two papers  which w i l l  soon be submi t t ed  

Tor p u b l i c a t i o n .  



(Davis ) 

The comparison of t h e  t h e o r e t i c a l  and o b s e r v a t i o n a l  p r o p e r t i e s  o f  t h e  

s o l a r  wind and i n t e r p l a n e t a r y  magnetic f i e l d  has con t inued .  The i d e n t i f i -  

c a t i o n  o f  t h e  l a r g e  ampl i tude,  non-s inuso ida l  Alfvdn waves t h a t  dominate 

t h e  observed f l u c t u a t i o n s  a t  l e a s t  a  t h i r d  o f  t h e  t ime has  been s t r e n g t h e n e d  

by showing t h a t  t h e  c o r r e l a t i o n  between f l u c t u a t i o n s  i n  t h e  ~ n a g n e t i c  f i e l d  

and i n  v e l o c i t y  h o l d s  f o r  a l l  t h r e e  v e c t o r  components whereas p r e v i o u s l y  i t  

had been demonstra ted o n l y  f o r  t h e  r a d i a l  components. It has  a l s o  now 

been shown t h a t  t h e r e  i s  a  s t r o n g  c o r r e l a t i o n  between h i g h  plasma tempera tu re  

and t h e  p resence  of t h e s e  waves; t h i s  s u p p o r t s  t h e  view t h a t  t h e y  a r e  g e n e r a t e d  

l o c a l l y .  

A f i n a l  v e r s i o n  o f  a  paper  w i t h  D r .  E .  J .  Weber on t h e  angu la r  momentum 

of  t h e  s o l a r  wind has  been completed.  It i s  now c l e a r  how t h e  c o n s t a n t s  o f  

i n t e g r a t i o n  a r e  determined from t h e  boundary c o n d i t i o n s  and why t h e  observed 

a n g u l a r  v e l o c i t y  i s  observed t o  f l u c t u a t e  s o  much. 

Comparison of ;he Mariner  I V  magnetometer and plasma d a t a  t aken  near  

Mars i n  1965 w i t h  t h e  cor responding  Mariner  V d a t a  t a k e n  near  Venus s u g g e s t s  

t h a t  t h e  i n t e r a c t i o n  of t h e  s o l a r  wind w i t h  Mars h a s  much t h e  same c h a r a c t e r  

a s  t h a t  w i t h  Venus. Hence Mars i s  u n l i k e l y  t o  have a  t r u e  magnetosphere b u t  

i s  l i k e l y  t o  have a bow shock. F u r t h e r  o b s e r v a t i o n s  near  Mars would be  

v a l u a b l e  i n  e x p l o r i n g  t h e  degree  o f  s i m i l a r i t y  and r e v e a l i n g  t h e  c h a r a c t e r i s t i c s  

o f  t h i s  l a r g e l y  unltnown mode of i n t e r a c t i o n  of t h e  s o l a r  wind w i t h  a  p l a n e t .  

V. I n f r a r e d  Astronomy (Neugebauer and Leighton)  

The i n f r a r e d  program h a s  mainly  c o n c e n t r a t e d  on t h e  use o f  photometry 

and s p e c t r o s c o p y  a t  conven t iona l  t e l e s c o p e s  t o  s t u d y  e x t r a g a l a c t i c  o b j e c t s  

and t h e  v e r y  r e d  s t a r s  found i n  t h e  r e c e n t l y  pub l i shed  C a l t e c h  i n f r a r e d  

sky  survey .  The 62" i n f r a r e d  t e l e s c o p e  was used t o  c o n t i n u e  moni tor ing 

t h e  red  s o u r c e s  p r e v i o u s l y  found on t h e  su rvey  and t o  s e l e c t  t h e  r e d d e s t  

o f  t h o s e  found f o r  f u r t h e r  s t u d y .  

(Garmire and R i e g l e r )  

A r e - c a l i b r a t i o n  O K  t he  O S O - 1 1 1  p r o t o t y p e  ganurla r a y  det t .c tor  is c o m p l e t e  

a n d  t 1 1 ~ .  dat'i a r c  bc.i ng I-c~clticr~cl, 'Cllc. (:oclcl:~~-ti Sl,ac.c\ 1: 1 i g11t ConLc*~-  g'llrllna rd y 



d e t e c t o r  i s  b e i n g  c a l i b r a t e d  i n  t h e  same gamma r a y  beam t o  p r o v i d e  a  b e t t e r  

check on t h e  a b s o l u t e  gamma r a y  f l u x .  

The d e t e c t o r s  aboard t h e  Nike-Tomahawk f l i g h t  18.71 worked s u c c e s s f u l l y  

d u r i n g  t h e  October 4, 1969 f l i g h t .  A l a r g c  low vncrgy p a r t i c l e  f l t ~ x  was 

d e t e c t e d  and s e v e r e l y  l i m i t e d  t h e  s t u d y  o f  t h e  x - r ay  backgror~nd.  A m u l t i  

w i r e  chamber h a s  been c o n s t r u c t e d  f o r  x - ray  p o l a r i z a t i o n  s t u d i e s  and nieasure- 

ments of  i t s  p r o p e r t i e s  a r e  b e i n g  made. A c r o s s e d  w i r e  p r o p o r t i o n a l  c o u n t e r  

w i t h  1 mm x-y r e s o l u t i o n  i s  b e i n g  c o n s t r u c t e d  f o r  use a t  t h e  focus  of x - ray  

t e l e s c o p e s .  T h e o r e t i c a l  c a l c u l a t i o n s  of  l i n e  fo rmat ion  i n c l u d i n g  e l e c t r o n  
7 0 

s c a t t e r i n g  a t  10  K and above a r e  be ing  under taken.  



FURTHER DESCRIPTION OF ACTIVITIES 

(R.  Vogt, E .  C .  S tone,  I<. Beuermann, and J .  Fanselow) 

The major a c t i v i t y  on t h i s  p r o j e c t  c e c t e r e d  around t h e  p r e p a r a t i o n  

and e x e c u t i o n  o f  a  s e r i e s  o f  b a l l o o n  f l i g h t s  w i t h  t h e  1969 Skyhook program 

a t  F o r t  C h u r c h i l l ,  Manitoba.  These f l i g h t s  were o f  p a r t i c u l a r  importance,  

s i n c e  t h e y  were coord ina ted  w i t h  t h i s  g roup ' s  o b s e r v a t i o n s  w i t h  a n  e s s e n t i a l l y  

i d e n t i c a l  d e t e c t o r  sys tem aboard t h e  p o l a r  o r b i t i n g  OGO-6 s a t e l l i t e ,  launched 

5 J u n e  1969. A f l i g h t  l o g  of t h e  b a l l o o n  o b s e r v a t i o n s  i s  g iven  i n  T a b l e  I. 

The C a l t e c h  ins t rument  worked s u c c e s s f u l l y  on a l l  f l i g h t s . '  Among t h e  

o b j e c t i v e s  o f  t h e  s imul taneous  b a l l o o n  and s a t e l l i t e  o b s e r v a t i o n s  a r e :  

1. A d i r e c t  measurement of t h e  s p e c t r a  of a tmospher ic  secondary 

p a r t i c l e s  from a  d i r e c t  in te rcompar i son  o f  t h e  s a t e l l i t e  and 

b a l l o o n  d a t a .  The problem of  t h e  c o r r e c t i o n s  of cosmic-ray d a t a  

f o r  a tmospher ic  s e c o n d a r i e s  has  plagued ba l loon-borne  o b s e r v a t i o n s  

f o r  many years ,  and t h e  a n a l y s i s  of r e s u l t s  from many exper iments  

w i l l  b e n e f i t  g r e a t l y  from t h e  removal o f  e x i s t i n g  u n c e r t a i n t i e s .  

I n  c o n t r a s t  t o  e a r l i e r  o p p o r t u n i t i e s  f o r  s a t e l l i t e - b a l l o o n  c o r r e -  

l a t i o n s ,  t h e  C a l t e c h  i n s t r u m e n t s  have a  s u f f i c i e n t l y  l a r g e  energy  

range  s o  t h a t  b a l l o o n  d e r i v e d  s p e c t r a ,  which have undergone a n  

energy  s h i f t  due t o  i o n i z a t i o n  l o s s  i n  t h e  r e s i d u a l  atmosphere, 

and s a t e l l i t e  s p e c t r a  o v e r l a p .  

2 .  S t u d i e s  of t h e  p r o p e r t i e s  of t h e  magnetosphere by s imul taneous  

measurements a t  d i f f e r e n t  l o c a t i o n s  i n  t h e  magnetosphere.  

3 .  D i r e c t  measurements o f  t h e  s p l a s h  a lbedo  on b a l l o o n  f l i g h t s  ( w i t h  

t h e  d e t e c t o r  sys tem p o i n t i n g  i n  t h e  a n t i - z e n i t h  d i r e c t i o n )  a s  a n  

a i d  i n  t h e  i n t e r p r e t a t i o n  o f  s a t e l l i t e  d a t a .  

Data a n l a y s i s  of pae d a t a  i s  c o n t i n u i n g .  

The a c t i v i t i e s  on t h i s  p r o j e c t  were concen t ra ted  upon t h e  p r e p a r a t i o n  

and e x e c u t i o n  of b a l l o o n  o b s e r v a t i o n s ,  c a l i b r a t i o n s  on t h e  Ck31tech s y n c h r o t r o n ,  

t h e  d e s i g n  and c o n s t r u c t i o n  o f  instruunent mcidiIicdtiotls ,  antl  ~ l l c l  a n a l y s i s  o f  

f l i g h t  d a t a .  



Four s u c c e s s f u l  launches  under t h e  1969 Skyhook program a t  F o r t  

Cizurchi l l ,  Manitoba were accomplished,  The Ca l t e c h  i ns trument performed 

s u c c e s s f u l l y  on a l l  f l i g h t s .  A f l i g h t  l o g  i s  p r e s e n t e d  i n  Tab le  11. Two 

of t h e  s u c c e s s f u l  l aunches  were w i t h  valved b a l l o o n s ,  a l l o w i n g  a  time- 

a l t i t u d e  p r o f i l e  opt imized f o r  t h e  d e r i v a t i o n  of a tmospher ic  secondary 

c o r r e c t i o n s .  A t y p i c a l  a l t i t u d e  p r o f i l e  c o n s i s t e d  of abou t  5 h r s .  exposure  

a t  maximum f l o a t  a l t i t u d e ,  a  2 h r .  g r a d u a l  descen t  t o  a  lower a l t i t u d e ,  and 

a  subsequent  Level f l o a t  f o r  a n o t h e r  3 h r s .  o r  more. 

The r e s u l t s  of c a l i b r a t i o n s  on t h e  C a l t e c h  synchro t ron  f o r  t h e  e f f e c t s  

of y - r a y  induced i n s t r u m e n t a l  background were used t o  improve t h e  a n a l y s i s  
+ of t h e  e- o b s e r v a t i o n s  from t h e  1968 f l i g h t  s e r i e s .  Improved r e s u l t s  were 

p r e s e n t e d  a t  t h e  X I  I n t e r n a t i o n a l  Conference on Cosmic Rays, Budapest .  

The e f f e c t s  of t h e  d i u r n a l l y  v a r y i n g  geomagnetic c u t o f f  o c c u r r i n g  

n e a r  F o r t  C h u r c h i l l  a r e  e v i d e n t  i n  F i g .  1, which c l e a r l y  shows a  l a r g e  

d i f f e r e n c e  i n  t h e  p o s i t r o n  and nega t ron  s p e c t r a  measured d u r i n g  t h e  

r e s p e c t i v e  day and n i g h t t i m e  p e r i o d s .  The e x i s t e n c e  of t h e  day-n igh t  

e f f e c t s  a t  even t h e  lowest  energy i n t e r v a l  of t h e  spectrum shows t h a t  t h e  

n i g h t t i m e  geomagnetic c u t o f f  was below t h e  f u l l  energy range o f  t h e  i n s t r u -  

ment. The n i g h t t i m e  d a t a ,  a f t e r  s u b t r a c t i o n  of a tmospher ic  s e c o n d a r i e s ,  

t h e r e f o r e  r e p r e s e n t  t h e  e x t r a t e r r e s t r i a l  e l e c t r o n  f l u x .  The c r i t i c a l  n a t u r e  

of t h e  c o r r e c t i o n s  f o r  a tmospher ic  s e c o n d a r i e s  i s  e v i d e n t  from F i g .  2, 

showing t h e  s e p a r a t i o n  of l o c a l l y  measured f l u x e s  i n  t h e  atmosphere i n t o  

p r i m a r i e s  and s e c o n d a r i e s  on t h e  b a s i s  of t h i s  g roup ' s  c o r r e c t i o n  t e c h n i q u e .  

A s e p a r a t e  paper  on t h e  n a t u r e  o f  t h e  secondary e l e c t r o n  component i n  t h e  

atmosphere is  n e a r  complet ion.  

I n  F i g .  3b t h i s  g r o u p ' s  measured 1968 pr imary cosmic-ray p o s i t r o n  

f l u x e s  a r e  shown t o g e t h e r  w i t h  t h o s e  o b t a i n e d  by Fanselow, Hartrnan, 

Hi ldebrand,  and Meyer i n  1965 and 1966. I n  an  e a r l i e r  paper (Phys.  Rev. 

L e t t e r s  22, 412, 1969),  t h i s  group deduced t h e  a b s o l u t e  s o l a r  modulat ion 

of p o s i t r o n s  i n  1968 f o r  e n e r g i e s  between 1 2  and 220 MeV from a  comparison 

of  i t s  measured p o s i t r o n  spectrum w i t h  an  i n t e r s t e l l a r  e q u i l i b r i u m  spectrum 

c a l c u l a t e d  by Ramaty and L i n g e n f e l t e r  f o r  p o s i t r o n s  o r i g i n a t i n g  i n  cosmic 
C r a y  c o l l i s i o n s  w i t h  i n t e r s t e l l a r  m a t t e r  ( curve  e  ) .  I n  t h e  energy range 
S 

o f  t h i s  g roup ' s  measurements, t h e  i n t e r s t e l l a r  f l u x  i s  reduced s i g n i f i c a n t l y  

n e a r  E a r t h ,  and t h e  modulat ion appears  s t r o n g e s t  a t  -, 70 MeV. The d i f f u s i o n -  



convec t ion  t h e o r y  of s o l a r  modulat ion i n  a  s imple  form p r e d i c t s  a  modulat ion 

Eunc t i o n  

1 
F(R) = exp [ -  V I P  f ( R ) j  

where R is  t h e  r i g i d i t y ,  pc i s  t h e  p a r t i c l e  v e l o c i t y ,  and 'i i s  a  r i g i d i t y  

independent parameter  c h a r a c t e r i s t i c  of t h e  s t a t e  of t h e  i n t e r p l a n e t a r y  

medium. I n  our  e a r l i e r  paper we sugges ted  on t h e  b a s i s  of our  measured 

p o s i t r o n  spectrum t h a t  

2  
f (R)  = R ~ / R  f o r  R  c Ro = 70 MV 

and t h e  parameter  '1 = 0.5.  We d i s c u s s e d  t h e  consequences of t h i s  model, 

which makes e x p l i c i t  t h e  d e c r e a s i n g  modulat ion a t  low r i g i d i t i e s  impl ied 

by our  d a t a .  Although i t  i s  a  good f i t  t o  our  d a t a ,  i t  i s  n o t  t h e  o n l y  

p o s s i b l e  f i t .  

Nucleonic d a t a  i n d i c a t e  t h a t  

£(R) = R' f o r  R z R~ 

f (R)  = Ro f o r  R < Ro 

w i t h  d 0.5 - 1 and Ro a 0.3 - 1 GV.  Using t h i s  f u n c t i o n a l  form, Fanselow 

e t  a l .  have made a  f i t  t o  t h e i r  p o s i t r o n  d a t a  above 173 MV w i t h  b = 1, 

Ro = 0.3 GV, and ' t  = 0.6 GV. The modulated spectrum d e r i v e d  from t h e  

i n t e r s t e l l a r  spectrum w i t h  t h e s e  v a l u e s  i s  shown a s  curve ( a )  i n  F i g u r e  3b. 

While adequa te  a t  e n e r g i e s  above 200 MeV, t h i s  s e t  o f  parameters  i s  u n s a t i s -  
2  

f a c t o r y  (-), p r o b a b i l i t y  P < ( 0.01) f o r  t h e  lower e n e r g i e s  covered by  our  

measurement. A b e t t e r  f i t  t o  our  d a t a  i s  ob ta ined  w i t h  an  Ro = 175 MV, 

shown a s  curve  ( b )  i n  F igure  3b (P  = 0.28).  Th i s  model i m p l i e s  a  s t r o n g  

modulat ion below 20 MY i n  c o n t r a s t  t o  t h e  d e c r e a s i n g  modulation g iven  by 

Equa t ion  ( 1 ) .  S imne t t  and McDonald have po in ted  o u t  t h a t  t h e i r  measured 

e l e c t r o n  spectrum between 2 and 20 MeV i s  compat ible  w i t h  a  s o l e  o r i g i n  i n  

t h e  g a l a c t i c  knock-on component i f  s o l a r  modctlat ion  i s  i n s i g n i  Kicant a t  

t h e s c  e n e r g i e s .  S i n c f  ou r  d a t a  c l c a r l  y i nd icaccx :I s t  rolrg ~ ~ l o d u l a t  i o n  near  



100 MeV, o n l y  a  d e c r e a s i n g  modulat ion a t  lower e n e r g i e s ,  a s  exempl i f i ed  

by Equat ion ( I )  would be c o n s i s t e n t  w i t h  t h e  knock-on h y p o t h e s i s ,  However, 

t h e  s t a t i s t i c a l  a c c u r a c y  of our  d a t a  does n o t  a l l o w  us t o  d i s m i s s  s o l a r  

modulat ion a s  d e s c r i b e d  by Equat ion ( 2 ) .  Both models a d e q u a t e l y  d e s c r i b e  

t h e  pronounced modulat ion e v i d e n t  i n  t h e  r e g i o n  n e a r  100 MeV. 

A s i g n i f i c a n t  m o d i f i c a t i o n  o f  t h e  ins t rument  i s  near  complet ion.  I t s  
J 

main f e a t u r e s  i n c l u d e  t h e  a d d i t i o n  of a  gas Cerenkov-counter ( s e e  F i g .  4 ) ,  

which w i l l  c o n t r i b u t e  t o  a  r e d u c t i o n  o f  6 - r a y  induced background, and w i t h  

t h e  i n c l u s i o n  o f  a  l a r g e r  ( 2 . 3 K G )  bending magnet w i l l  a l low t h e  e x t e n s i o n  

of t h e  i n s t r u m e n t ' s  energy range  t o  abou t  800 MeV. The modif ied v e r s i o n  
+ 

of t h e  e- spec t romete r  t h u s  i n  f u t u r e  f l i g h t s  w i l l  cover  e s s e n t i a l l y  t h e  

whole energy  range where s i g n i f i c a n t  s o l a r  modulat ion o f  t h e  e l e c t r o n  f l u x  

o c c u r s .  

The OGO-6 and w e  d e t e c t o r  systems use a  range  v e r s u s  energy- loss  

t e c h n i q u e  f o r  t h e  measurement of p r o t o n  and hel ium energy  s p e c t r a .  T h e i r  

e l e c t r o n i c  l o g i c  sys tem i s  a  r e l a t i v e l y  slow system, comple te ly  adequa te  

f o r  t h e i r  in tended  use  i n  space,  b u t  n o t  s u i t a b l e  f o r  t h e  h igh  beam i n t e n s i t i e s  

exper ienced  d u r i n g  c a l i b r a t i o n s  on p a r t i c l e  a c c e l e r a t o r s .  C o r r e c t i o n s  f o r  

n u c l e a r  i n t e r a c t i o n s  i n  t h e  range a b s o r b e r  s t a c k  however a r e  impor tan t ,  and 

t h e i r  c a l c u l a t i o n  must be  v e r i f i e d  by d i r e c t  c a l i b r a t ~ o n s .  I n  o r d e r  t o  make 

a c c e l e r a t o r  c a l i b r a t i o n s  w i t h  t h e  d e s i r e d  accuracy ,  a  range t e l e s c o p e  

p h y s i c a l l y  e q u i v a l e n t  t o  t h e  OGO-6 ins t rument  has  been c o n s t r u c t e d ,  u s i n g  

p l a s t i c  s c i n t i l l a t o r s  i n s t e a d  of s o l i d  s t a t e  d e t e c t o r s  ( s e e  F i g .  5 ) .  T h i s  

change makes p o s s i b l e  the use o f  s t a n d a r d  h i g h  energy  phys ics  i n s t r u m e n t a t i o n .  

The a b i l i t y  t o  hand le  h i g h  f l u x e s  w i l l  a l low t h e  accumulat ion of s t a t i s t i c a l l y  

s i g n i f i c a n t  d a t a  i n  r e a s o n a b l e  machine-time i n t e r v a l s .  

C o n s t r u c t i o n  of t h e  a c c e l e r a t i o n  d e t e c t o r  sys tem and c i r c u i t r y  i s  complete,  

t e s t i n g  and i n t e g r a t i o n  and computer programming a r e  underway, and t h e  f i r s t  

a c c e l e r a t o r  r u n s  on NASA's REL synchrocyc lo t ron  a r e  scheduled f o r  l a t e  

J a n u a r y  1970 .  



Table I .  Fort Churchi l l  F l i g h t  Series 1969 ( p a s ) :  

Caltech Fl ight  No. 

Raven Fl ight  No. 

Launch Date 

Launch Time (UT) 

S t a r t  Float (UT) 

Termi nation (UT) 

Typic 1 Float  Al t i tude 9 (9/cm > 
Detector Ori en-:ati on 

69ClP 

1255-N 

6/14/69 

03:30 

11:lO 

19:42 

2.6 

Zenith Zenith Zenith Anti - Zenith 
Zenith 



Table 11. For t  Churchi l l  F l i g h t  S e r i e s  1969 (e') 

Cal tech F l i g h t  No. 69ClM 

Raven F l i g h t  No. 1257-N 

Launch Date 6/14/69 

Launch Time (UT) 21 : 34 

S t a r t  F loa t  (UT) 01:16 

Termi na t i  on (UT) 14: 34 

F l o a t  A1 ti tudes  (g/cm2) 3.4 (5.5 h r s )  

18 (3.5 h r s )  

19: 55 14: 53 20:29 

3.3 (4 .5  h r s )  2.7 2 .7  

30 (11 h r s )  
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( H .  V. Neher) 

A c t i v i t i e s  f o r  t h e  s i x  month p e r i o d  1 A p r i l  t o  30 September 1969 were  

c h i e f l y  concerned w i t h  f u r t h e r  a n a l y s i s  of  t h e  d a t a  from t h e  p o l a r  o r b i t i n g  

s a t e l l i t e s ,  060-11 and OGO-IV. Much of  t h e  r e s u l t s  from t h e s e  i n s t r u m e n t s  

was i n c o r p o r a t e d  i n t o  t h e  t h e s i s  of  Michael  George, who r e c e i v e d  h i s  Ph. D .  

d e g r e e  i n  J u n e  o f  t h i s  y e a r .  George h a s  s u b m i t t e d a  paper  f o r  p u b l i c a t i o n  

c o v e r i n g  t h e  r e s u l t s  of  h i s  r e s e a r c h  on t h e  i n t e n s i t y  of  cosmic r a y s  i n  

t h e  lower a tmosphere .  He h a s  a l s o  n e a r l y  completed two o t h e r  papers  cover -  

i n g  some o f  t h e  r e s u l t s  o b t a i n e d  from t h e  two above mentioned s a t e l l i t e s .  

These w i l l  be  submi t t ed  f o r  p u b l i c a t i o n  soon.  Work is  c o n t i n u i n g  on t h e  

f u r t h e r  a n a l y s i s  o f  t h e  d a t a  from t h e s e  s a t e l l i t e s .  

(L .  Davis)  

The a n a l y s i s  o f  t h e  Mar ine r  V magnetometer and plasma d a t a  h a s  been  

c o n t i n u e d ;  i n  p a r t i c u l a r ,  s t u d y  shows t h a t  a  s u b s t a n t i a l  p a r t  o f  t h e  

f l u c t u a t i o n s  a r e  n o t  convected s t r u c t u r e s ,  a s  t h e  Goddard exper imente r s  

urged,  b u t  a r e  p r o p a g a t i n g  waves. The Mariner  V Plasma Group has  made 

a v a i l a b l e  a  more r e c e n t  r e d u c t i o n  of  t h e i r  d a t a  t h a t  i n c l u d e s  t h e  p r o t o n  

t e m p e r a t u r e  and a l l  t h r e e  components o f  t h e  plasma v e l o c i t y .  E a r l i e r  it 

had been  shown t h a t  t h e  f l u c t u a t i o n s  i n  t h e  r a d i a l  components o f  t h e  magnet ic  

f i e l d  and plasma b u l k  v e l o c i t y  were w e l l  c o r r e l a t e d  abou t  30 p e r c e n t  of  t h e  

t ime .  Now it h a s  been demonstra ted  t h a t  a l l  t h r e e  components a r e  w e l l  

c o r r e l a t e d  i n  j u s t  t h e  way r e q u i r e d  i f  t h e y  a r e  Alfvkn waves and t h a t  a t  

l e a s t  50 p e r c e n t  of  t h e  t ime a  s i g n i f i c a n t  p a r t  of t h e  observed f l u c t u a t i o n s  

a r e  of  t h i s  c h a r a c t e r .  Such waves a r e  much more prominent when t h e  gas  

t e m p e r a t u r e  i s  h i g h  s u g g e s t i n g  t h a t  t h e i r  g e n e r a t i o n  might be connected 

w i t h  a  h i g h  @ f i e l d  a l i g n e d  p r e s s u r e  a n i s o t r o p y .  

A t  t h e  t ime  t h e  Mar ine r  I V  magnetometer o b s e r v a t i o n s  were made near  

Mars i n  1965 i t  was recogn ized  t h a t  two f e a t u r e s  seen  were s u g g e s t i v e  of 

a  shock wave s u r p r i s i n g l y  c l o s e  t o  Mars. It was a l s o  p o s s i b l e  t h a t  t h e s e  

f e a t u r e s  were unusual  examples of  t h e  s t r u c t u r e s  sometimes s e e n  i n  i n t e r -  

p l a n e t a r y  space .  I n  t h e  absence of  any  conf i rming evidence,  t h e r e  was no 

r e a l  b a s i s  f o r  a r g u i n g  t h a t  Mars had a  bow shock.  The p a r t i a l  f a i l - u r e  o f  

t h e  plasma probe e a r l y  i n  t h e  rnis s i o n  meant t l l a t  t h e  plasma d a t a  seemed 



u n a v a i l a b l e  a s  a  check,  R e c e n t l y  John Davis a t  MIT has  succeeded i n  

de te rmin ing  some of t h e  p r o p e r t i e s  of t h e  plasma near  Mars and has  found 

two f e a t u r e s  i n  t h e  plasma t h a t  a r e  b e s t  exp la ined  by a  shock. a l though  

t h e y  do n o t  r e q u i r e  one. E. J .  Smith and L .  Davis have compared t h i s  plasma 

d a t a  w i t h  t h e i r  magnetometer d a t a  and w i t h  t h e  combined o b s e r v a t i o n s  made 

by Mariner  V near  Venus and have found that:  i f  t h e  undisputed Venus shock 

i s  s c a l e d  t o  t h e  r a d i u s  of Mars i n s t e a d  of t o  t h a t  of Venus, bo th  plasma 

f e a t u r e s  and b o t h  magnetometer f a l l  a s  c l o s e l y  a s  can  be expected a t  t h e  

p r e d i c t e d  shock c r o s s i n g s .  Thus it seems l i k e l y  t h a t ,  a s  i n  t h e  c a s e  of 

Venus, t h e  s o l a r  wind approaches  w i t h i n  a  few hundred k i l o m e t e r s  o f  t h e  

s u r f a c e  on t h e  sunward s i d e  where i t  i s  p robab ly  s topped by a  h i g h l y  con- 

d u c t i n g  ionosphere .  I f  Mars has  any i n t r i n s i c  magnetic f i e l d  a t  a l l ,  it 

must b e  s m a l l  and shou ld  be  looked f o r  i n  t h e  wake r e g i o n .  It would be  
3 3 

v e r y  i n t e r e s t i n g  t o  l e a r n  i f  Mars has  a  h i g h  d e n s i t y  (- 10 e l e c t r o n s / c m  ) 

wake of t h e  k i n d  sugges ted  f o r  Venus by t h e  d u a l  f requency o c c u l t a t i o n  d a t a .  

F u r t h e r  s t u d y  o f  t h i s  type  of i n t e r a c t i o n  b o t h  a t  Venus and a t  Mars would 

be v e r y  p r o f i t a b l e  s c i e n t i f i c a l l y .  

Two papers  were p r e s e n t e d  by L .  Davis a t  t h e  General  Assembly of t h e  

IAGA i n  Madrid i n  September, 1969. One reviewed t h e  i n t e r a c t i o n  o f  t h e  s o l a r  

wind w i t h  Venus and Mars. The o t h e r ,  a  paper  by Dolginov, Eveshenko and 

Davis, compared Venera 4 and Mariner 5 o b s e r v a t i o n s  made when t h e  two space-  
5 c r a f t  were about  5 x 10 km a p a r t  j u s t  b e f o r e  and a s  Venera 4 e n t e r e d  t h e  

wake o f  Venus. A number o f  common f e a t u r e s  were observed by t h e  two s p a c e c r a f t  

w h i l e  b o t h  were i n  i n t e r p l a n e t a r y  space .  It seemed c l e a r  t h a t  Venera 4 had 

a  s p a c e c r a f t  f i e l d  of from 5 t o  10 gammas on each a x i s .  There was some 

i n d i c a t i o n  t h a t  p a r t  of t h e  f e a t u r e s  s e e n  by Venera 4 i n  magnetosheath r e g i o n  

T,lere a s s o c i a t e d  w i t h  i n t e r p l a n e t a r y  f e a t u r e s  seen  by Mariner 5 ,  b u t  t h e r e  

i s  s o  much complicated s t r u c t u r e  i n  t h e  magnetosheath r e g i o n  t h a t  connec t ions  

cannot  be  e s t a b l i s h e d  w i t h  any conf idence .  

(R. F .  C h r i s t y )  

The a n a l y s i s  of c a l c u l a t i o n s  on Cepheid models h a s  l e d  t o  a number o f  

u s e f u l  g e n e r a l  r e l a t i o n s  between t h e  parameters  o i  t h e  mociels (and  o f  t h e  

s t a r s  t h e y  r e p r e s e n t )  and  observnb les  , These r c l a t  ions  a r e  sttnunarized below * 
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Period-Luminosity-Mass-Color r e l a t i o n  

High t empera tu re  boundary of  i n s t a b i l i t y  

l o g  Te = 3.827 - 0.057 l o g  PF 

The work o f  summarizing r e s u l t s  on p u l s a t i o n  i s  c o n t i n u i n g .  Three  

l e c t u k e s  on t h i s  work were g i v e n  a t  t h e  t h i r d  Summer I n s t i t u t e  f o r  Astronomy 

and A s t r o p h y s i c s  a t  S tony  Brook June 18 - J u l y  16,  1969. I n  a d d i t i o n ,  I 

a t t e n d e d  a  confe rence  on p u l s a r s  a r r a n g e d  by t h e  Aspen Center  f o r  P h y s i c s  

a t  Aspen i n  August and t h e  f i r s t  S i e r r a  Conference on A s t r o p h y s i c s  a t  

Tuolumne Meadows i n  September.  

(G.  Neugebauer and R .  B .  Le igh ton)  

During t h e  p a s t  r e p o r t  p e r i o d  t h e  a c t i v i t i e s  of t h e  i n f r a r e d  group 

were c o n c e n t r a t e d  on t h e  d a t a  o b t a i n e d  w i t h  c o n v e n t i o n a l  t e l e s c o p e s .  The 

main t h r u s t  of  t h e  g r o u p ' s  a c t i v i t i e s  were c e n t e r e d  on 

(a )  t h e  e x t r a  g a l a c t i c  o b j e c t s  - main ly  t h e  q u a s i - s t e l l a r  s o u r c e s  and 

( b )  t h e  c o n t i n u e d  s t u d i e s  o f  t h e  o b j e c t s  found on t h e  2.2p i n f r a r e d  

s k y  su rvey .  

The f i r s t  s t u d y  o f  t h e  i n f r a r e d  p r o p e r t i e s  of t h e  q u a s a r s  was completed 

i n  c o n j u n c t i o n  w i t h  J .  B .  Oke. Although i t  was found t h a t  i n  some q u a s a r s  

t h e  i n f r a r e d  energy  r o s e  r a p i d l y  a s  f o r  3C273, a  wide range  i n  s p e c t r a l  

s l o p e s  was found. I n  t h o s e  o b j e c t s  where l a r g e  o p t i c a l  v a r i a t i o n s  a r e  found,  

t h e  i n f r a r e d  f l u x  v a r i e s  a l s o ;  t h e r e  seems t o  be no ev idence  f o r  a  change i n  

c o l o r  w i t h  phase .  Continuous moni to r ing  of  t h e s e  o b j e c t s  i s  i n  p r o g r e s s .  

An a t t e m p t  was a l s o  made t o  measure t h e  q u a s a r s  a t  3 .5  and  5 p e  Unfor- 

t u n a t e l y ,  a l t h o u g h  measurements were made, t h e  d a t a  had t o o  low s i g n a l  t o  

n o i s e  r a t i o s  t o  be s i g n i f i c a n t .  



Although t h e  m a j o r i t y  of t h e  observ ing  programs a t  t h e  200-inch t e l e s c o p e  

was washed o u t  by bad weather ,  a  few s p e c i a l  o b j e c t s  were observed i n  con- 

j u n c t i o n  w i t h  J. B.  Oke. A n o t e  on t h e  energy  spectrum of a  v a r i a b l e  g a l a x y  

found by Zwicky i s  i n  p r e s s .  Measurements o f  t h e  Makarian o b j e c t s  and Zeicky 

compact g a l a x i e s ,  b o t h  of which a r e  thought  t o  be r e l a t e d  t o  S i e f e r t  g a l a x i e s ,  

a r e  a l s o  i n  p r o g r e s s .  

I n  a c o n t i n u i n g  stutly of t h e  g a l a c t i c  ccntcr ,  t l ~ e  ;;clnprnl area was 

mapped a t  t h e  longer  i n f r a r e d  wavelengths .  It was determinctl t h a t  an extended 

r e g i o n  of abou t  16" was e m i t t i n g  w i t h  a n  energy d i s t r i b u t i o n  i n c r e a s i n g  a t  

l e a s t  t o  20p. The background r a d i a t i o n  and t h e  p o i n t  source  a p p a r e n t l y  

fo l low t h e  energy  d i s t r i b u t i o n  of normal s t a r s .  Th i s  conc lus ion  i s  s t r e n g t h e n e d  

by 2  - 2.5p s p e c t r a  of t h e  p o i n t  source  and o f  t h e  background ob ta ined  w i t h  

t h e  - 5  meter  E b e r t - F a s t i e  spec t romete r .  These s p e c t r a  c l e a r l y  show s t e l l a r  

f e a t u r e s  i n  t h e  p o i n t  source .  

Photometer o b s e r v a t i o n s  between 1 and 20p of t h e  i n f r a r e d  s o u r c e s  found 

on t h e  62- inch s k y  survey  have been con t inued  us ing  t h e  60-inch and 100-inch 

t e l e s c o p e s .  Emphasis has  been p laced  on i d e n t i f y i n g  and measuring t h e  

r e d d e s t  of t h e s e  s t a r s ,  and a l s o  t h o s e  s o u r c e s  which have OH r a d i o  emiss ion .  

S i n c e  t h e  b r i g h t n e s s  of many of  t h e  sources  v a r i e s ,  s e v e r a l  a r e  now b e i n g  

observed on a  r e g u l a r  b a s i s  t o  monitor t h e  c o l o r  changes.  For s t a t i s t i c a l  

purposes  a  l a r g e  number o f  s o u r c e s  which were found no t  t o  emit  OH r a d i a t i o n  

a r e  be ing  measured t o  s e e  whether a meaningful s e p a r a t i o n  of t h e  OH and non-OH 

sources  can be made on t h e  b a s i s  of t h e i r  i n f r a r e d  c o l o r s .  

A program of  8 - 14p spec t roscopy  has  been i n i t i a t e d  us ing  a  c i r c u l a r  

f i l t e r  wheel s t e p p e d  i n  i n t e r v a l s  of 0.18p. S e v e r a l  v e r y  r e d  s t a r s  have s o  

f a r  been observed.  Two of  t h e s e  CIT6 and I R C  4-10216, do not  show any 

evidence f o r  t h e  8 - l l p  d u s t  lump i d e n t i f i e d  i n  o t h e r  l a t e  type  s t a r s .  

The s o u r c e  IRC +I0216 which was i d e n t i f i e d  i n  A p r i l  i s  ext remely 

i n t e r e s t i n g .  It is  a n  extended o b j e c t  l o c a t e d  o u t  of t h e  g a l a c t i c  p l a n e  

i n  a n  unreddened r e g i o n .  A t  5p  i t  i s  t h e  b r i g h t e s t  source  observed o u t s i d e  

t h e  s o l a r  system; a t  2.2p i t  v a r i e s  by a s  much a s  2  magnitudes w i t h  a  t ime  

s c a l e  on t h e  o r d e r  of 600 days .  I ts  energy d i s t r i b u t i o n  resembles t h a t  of a  
0 

650 K blaclc body and no s p e c t r a l  f e a t u r e s  have been observed i n  t h e  wavelength  

range from 1-14y, It is  i n t e r p r e t e d  a s  being c o n s i s t e n t  w i t h  3 g a l a c t i c  

source  surrounded b y  a n  o p t i c a l l  y t t t i  cic d u s t  s l i c ~ l  L . 



The program of 1 .6  and 2 .2p s p e c t r o s c o p y  has  been con t inued  by A .  R .  

Hyland and J .  F r o g e l  u s i n g  t h e  0,Sm E b e r t - F a s t i e  spec t romete r  w i t h  
0 

r e s o l u t i o n s  of 32.5 and 6 5 ~ ~  Observa t ions  have been made on approximately  

40 n i g h t s  on t h e  M t .  Wilson 60- and 100- inch telescopes, and 3 n i g h t s  on  

t h e  200- inch  Hale t e l e s c o p e .  

The s t u d y  O F  t-he s p e c t r a  o f  Mira v a r i a b l e s  througl loi~t  tl~c.ir c y c l e s  has  

been cont inued on  a  r e g u l a r  b a s i s .  S e v e r a l  of t h e s e  s t a r s  sl~ow marked changes 

i n  t h e  s t r e n g t h  and shape of t h e i r  H 0  and CO bands, whi le  o t h e r s  show o n l y  
2  

minor v a r i a t i o n s .  The group of S  t y p e  s t a r s  under c o n s i d e r a t i o n  a l l  show 

v e r y  weak H 0 bands and s t r o n g  CO bands, and t h u s  appear  t o  be more luminous 2  
t h a n  t h e  normal M t y p e  Mira v a r i a b l e s .  

Spec t ra  have been o b t a i n e d  of 1 0  OH s o u r c e s  which emit  s t r o n g l y  a t  1612 MHz. 

On t h e  b a s i s  of t h e s e ,  most of t h e  s o u r c e s  have been c l . a s s i f i e d  a s  Mira type  

v a r i a b l e s ,  t h r e e  appear  t o  be M s u p e r g i a n t s ,  w h i l e  t h e  spectrum of Orion 

p o i n t  source  has  no s p e c t r a l  f e a t u r e s  from 2 - 2.5p and appears  t o  be due t o  

a n  o p t i c a l l y  t h i c k  d u s t  s h e l l ,  s i m i l a r  t o  t h a t  proposed f o r  I R C  $10216. 

F u r t h e r  s p e c t r a  o f  v e r y  r e d  s t a r s  i d e n t i f i e d  from t h e  62-inch s u r v e y  

have been o b t a i n e d  f o r  c l a s s i f i c a t i o n  purposes .  S e v e r a l  of t h e s e  appear  t o  

show t h e  e f f e c t s  o f  d u s t  s h e l l  r a d i a t i o n  and have v e r y  weak molecular  bands,  

though t h e  m a j o r i t y  appear  t o  be normal Mira v a r i a b l e  s t a r s .  

Ana lys i s  o f  t h e  i n f r a r e d  spec t roscopy  and photometry of t h e  Orion Nebula 

(M42) and t h e  p l a n e t a r y  nebulae  I C  418 and NGC 7027 is  c o n t i n u i n g .  Values 

have been o b t a i n e d  f o r  t h e  reddening,  e l e c t r o n  temperature ,  and e l e c t r o n  

d e n s i t y  f o r  t h e s e  nebu lae .  I n  a d d i t i o n ,  a  hel ium abundance has  been o b t a l n e d  

f o r  M 42 from t h e  1 . 7 0 ~  He I1 l i n e .  An unexpected continuum excess  has  been 

d i s c o v e r e d  i n  t h e  H and J bands.  An a n a l y s i s  of t h i s  excess  a s  w e l l  a s  a  

d e t e r m i n a t i o n  of d u s t  p r o p e r t i e s  from t h e  p r e v i o u s l y  known longer  wavelength  

e x c e s s  i s  i n  p r o g r e s s .  

I n  a d d i t i o n  t o  t h e  s t u d y  of i n f r a r e d  s t a r s  which have tu rned  o u t  t o  be 

OH e m i t t e r s ,  a  program i s  underway t o  map a r e a s ,  such a s  Orion, which c o n t a i n  

complex H I1 r e g i o n s  and a r e  known OH e m i t t e r s .  I n  e v e r y  such o b j e c t  

examined i n  d e t a i l  an  i n f r a r e d  source  w i t h  a  c o l o r  t empera tu re  near 500 - 
6 0 0 ' ~  has  been found, a l though  i n  most c a s e s  t h e  I R  sources  have been 

s e p a r a t e d  from t h e  OH s o u r c e s ,  The s o u r c e  i n  NGC 6857, which was found 

r e c e n t l y ,  a g a i n  can  be r e p r e s e n t e d  by a  5 0 0 ~ ~  b lack  body; i t  s h a r e s  t h e  

d i s t i n c t i o n ,  w i t h  t h e  Orion i n f r a r e d  source ,  of apparenLly being c o i n c i d e n t  

wi t11 t he  011 emit  t i nt: s o u r c e .  



With t h e  comple t ion  o f  t h e  survey,  t h e  62" t e l e s c o p e  was used main ly  i n  

a  tnoni tor ing mode. E a r l y  i n  t h e  summer a  new epoxy m i r r o r  was i n s t a l l e d  i n  

t h e  t e l e s c o p e ;  u n f o r t u n a t e l y  t h e  image q u a l i t y  i s  a p p a r e n t l y  no t  g r e a t l y  

improved over  t h a t  o f  t h e  p r e v i o u s  m i r r o r s .  

During t h i s  yea r  t h e  f i  L t c r s  t~secl w i t h  tllc 62" wc.rc a1 tr .1-et l  so  t h a t  

pho tomet r i c  measures a t  0 .8 ,  1 .6 ,  2 .2 ,  and 3 . 4 ~  could  bc  obtc l incd.  These 

o b s e r v a t i o n s  were t h e  b a s i s  f o r  t h e  s e l e c t i o n  o f  o b j e c t s  which were observed 

p h o t o m e t r i c a l l y  a t  c o n v e n t i o n a l  t e l e s c o p e s .  About 440 of  t h e  r e d d e s t  s t a r s  

have been observed w i t h  t h e  t e l e s c o p e  on a  b i -monthly  b a s i s  s i n c e  t h e i r  

d i s c o v e r y  on t h e  su rvey .  V a r i a t i o n s  a r e  t y p i c a l l y  on t ime s c a l e s  of y e a r s  

and some o b j e c t s  v a r y  by a s  much a s  2  magnitudes a t  2 . 2 ~ .  A s i z e a b l e  e f f o r t  

was made t o  use  t h e  62" i n  a  5 p  o r  l 0 p  su rvey .  A t  t h e  p r e s e n t  time., such a  

s u r v e y  i s  f e l t  t o  be  t o o  s e v e r e l y  l i m i t e d  by s k y  n o i s e  t o  bc p r o d u c t i v e .  

( G .  Garmire and G .  R i e g l e r )  

The d a t a  r e d u c t i o n  of  t h e  OSO-111 gamma r a y  d e t e c t o r  i s  n e a r l y  comple te .  

The i n s t r u m e n t  o p e r a t e d  w i t h o u t  any f a i l u r e  f o r  abou t  2-11'2 y e a r s  and h a s  

been t u r n e d  o f f  a s  of  abou t  October 6, 1969. F i g u r e  1 shows t h e  r e s u l t s  o f  

s e v e r a l  c u t s  a c r o s s  t h e  g a l a c t i c  p l a n e .  An i n t e r e s t i n g  f e a t u r e  which a p p e a r s  

t o  be  s i g n i f i c a n t  i s  t h e  l a r g e  displacement  of t h e  gamma r a y  i n t e n s i t y  t o  t h e  

s o u t h  o f  t h e  g a l a c t i c  p l a n e  i n  t h e  l o n g i t u d e  band 1 5 0 0 s  'I C 2 1 0 ~ .  T h i s  

f e a t u r e  cor responds  t o  a n  e x t e n s i o n  of t h e  hydrogen d i s t r i b u t i o n  t o  t h e  

s o u t h  and i n d i c a t e s  t h a t  a  s i g n i f i c a n t  f l u x  of cosmic r a y s  e x i s t s  away from 

t h e  p l a n e  o f  t h e  g a l a x y .  

A p r e l i m i n a r y  a n a l y s i s  of t h e  r e c a l i b r a t i o n  d a t a  sho.iqs t h a t  t h e  p r o t o -  

t y p e  i n s t r u m e n t  d i f f e r s  c o n s i d e r a b l y  from t h e  p r e v i o u s  c a l i b r a t i o n  made 

on t h e  f l i g h t  i n s t r u m n t .  The r e a s o n  f o r  t h e  d i f f e r e n c e  i s  no t  c l e a r .  The 

f l i g h t  c a l i b r a t i o n  was made under a  good d e a l  of  p r e s s u r e  and a n  e r r o r  c o u l d  

have been made. I n  view o f  t h e  c o n d i t i o n  of t h e  p r o t o t y p e  d e t e c t o r  it  i s  

n o t  l i k e l y  t o  be  more e f f i c i e n t  t h a n  t h e  f l i g h t  u n i t .  A t  p r e s e n t  w e  a r e  

f i n d i n g  t h a t  t h e  p r o t o t y p e  ins t rument  i s  more e f f i c i e n t  by n e a r l y  a  f a c t o r  

of  two than  t h e  f l i g h t  d e t e c t o r  and conclude p robab ly  a n  e r r o r  was made i n  

t h e  f l i g h t  c a l i b r a t i o n ,  



Tlze d e t e c t o r  s y s t c m  Ilown aboard a  Nike-Tomahawlc roclcet from W,tllops 

I s l a n d  on October 4, 1969 opera ted  w e 1  1. Unfor tuna te ly ,  a l a r g e  LLux of  

low energy  p a r t i c l e s  was p r e s e n t  and produced a  l a r g e  d e t e c t o r  background, 

The d a t a  f o r  charged p a r t i c l e  i d e n t i f i c a t i o n  i s  q u i t e  unambiguous i n  t h a t  

co inc idence  p u l s e s  between p r o p o r t i o n a l  coun te r  chambers were recorded and 

a  l a r g e  f l u x  a n i s o t r o p y  peaking p e r p e n d i c u l a r  t o  t h e  l o c a l  magnet ic  f i e l d  

was observed.  Reduct ion of t h e  x - ray  d a t a  i s  j u s t  beg inn ing  and t h e  e x t e n t  

of t h e  con tamina t ion  o f  t h e  x - r a y  background o b s e r v a t i o n s  w i l l  need a  

thorough a n a l y s i s .  The low energy p a r t i c l e s  were most l i k e l y  e l e c t r o n s  

above abou t  15 keV. The e l e c t r o n  f l u x  was q u i t e  a l t i t u d e  dependent,  i n c r e a s i n g  

r a p i d l y  w i t h  i n c r e a s i n g  a l t i t u d e .  

A w i r e  p r o p o r t i o n a l  chamber i s  under c o n s t r u c t i o n .  The chamber i s  

c o n s t r u c t e d  w i t h  i n d i v i d u a l  w i r e s  forming t h e  ground p l a n e s  f o r  t h e  anodes 

and p e r p e n d i c u l a r  t o  t h e  anodes.  By ampl i fy ing  t h e  n e g a t i v e  s i g n a l  on t h e  

anodes and t h e  p o s i t i v e  s i g n a l  on t h e  ground w i r e s  a n  x-y p o s i t i o n  of where 

t h e  i n t e r a c t i o n  o c c u r s  can  be determined.  The chamber under c o n s t r u c t i o n  

h a s  0.25 i n c h  r e s o l u t i o n ,  and a  r e s o l u t i o n  of 0.04 inches  seems p o s s i b l e .  

A chamber such a s  t h i s  can be used a t  t h e  focus  of an  x - r a y  t e l e s c o p e  

o r  a s  t h e  d e t e c t o r  f o r  a n  x - r a y  microscope.  An x - r a y  microscope can be 

c o n s t r u c t e d  us ing  a "poizlt" source  of x - rays ,  a  sample a t  a  d i s t a n c e ,  S, and 

t h e  p r o p o r t i o n a l  chamber a t  a  d i s t a n c e ,  d.  The m a g n i f i c a t i o n  i s  (d /S)  and 

i s  l i m i t e d  o n l y  b y  t e c h n i c a l  problems of i n t e n s i t y  and how w e l l  a  p o i n t  

s o u r c e  of x-rays  can be  c o n s t r u c t e d .  

T h e o r e t i c a l  c a l c u l a t i o n s  of l i n e  fo rmat ion  i n c l u d i n g  e l e c t r o n  s c a t t e r i n g  
7 0 

a t  t empera tu res  over  10 K a r e  be ing  s t a r t e d .  The v e r y  complicated program 

used t o  compute t h e  continuum spectrum by E .  Loh i s  being s t u d i e d  t o  determine 

whether  s i m p l i f i c a t i o n s  can  be made w i t h o u t  a f f e c t i n g  t h e  accuracy  a p p r e c i a b l y .  

The program w i l l  be t o  compute l i n e  p r o f i l e s  and i n t e n s i t i e s  f o r  s p h e r i c a l  

and she l l - shaped  gas  c l o u d s .  
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